The study attempted to assess the changes in shoreline and erosion-accretion of newly formed island at the mouth of the Meghna river estuary in Bangladesh using multi temporal satellite images and GIS techniques. The current study used NDWI an MNDWI to delineate land and water boundary to extract the shoreline and also used some overlay analysis to measure the erosion-accretion. DSAS extension is used for analyzing the shifting of the shoreline. The results show that the island has 1192 hectares of land accreted during this time period, and about 1 km of its shoreline lost during this time period as it has broken in few places. Most accretion found in the northwestern part and erosion in southeastern and southwestern part. The study area was divided into four different segments and about 115 transects were constructed, of which about 74 shows the seaward movement and 44 shows landward movement. Seaward movement and rate of shoreline shifting is higher in the northwestern part where net shoreline movement (NSM) is +1897 meters and end point rate (EPR) is +73 m/year. Landward movement and the rate of shoreline shifting are higher in southeastern and southwestern part of which net shoreline movement (NSM) is about -2680 meters and end point rate (EPR) is about -129 m/year. The highest landward movement is found as -2680 meters and highest seaward movement as +1897 meters. Accretion process is dominant while erosion process discontinued the shoreline in some places.
INTRODUCTION
Shoreline is define as the edge between land and water which changes due to the rise and fall of the tides (Bird 2008) . Coastal zones are thought as the most complex systems in the world where about half of the world's population inhabits (Bird 2008) and interact with a large number of both living and non-living organisms (Aedla et al. 2015) . The coast has a peculiar importance for both natural resources and ecosystem services (Shibly and Takewaka 2012) , but it is also known as the zone of vulnerabilities as it is affected by a series of natural dynamic processes like wave, current, wind, storm surge, coastal erosion-accretion, sediment transportation, cyclone and many different anthropogenic activities, which may causes the shifting of shoreline in both long and short time spans (Aedla et al. 2015; Ghosh et al. 2015; Nandi et al. 2016) .
Tidal flat a zone between the coast and the sea (Liu et al. 2016; Murray et al. 2012 ) plays an important role by providing ecosystem services, supporting biodiversity and protecting from storm surges and sea level rise (Murray et al. 2012 ) which is decreasing due to some anthropogenic activities (Chen et al. 2016; Murray et al. 2012) . Shoreline change is the major issues in deltaic region in all over the world (Nandi et al. 2016 ) and thus the issue has become a major concern to the researchers (Mills et al. 2005; Morton et al. 2005; Mujabar & Chandrasekar 2013; Ryabchuk et al. 2012) . Bangladesh is known as a low lying deltaic country (Shibly and Takewaka 2012) which is one of the most climate vulnerable countries in the world because of global warming and sea level rising (Brammer 2014; Choudhury et al. 1997; Islam et al. 2015; Khan 2013; Singh 2002) . Bangladesh is at extreme risk of floods, tropical cyclones, sea level rise and drought (Karim and Mimura 2008) as the recent air temperature is increasing twice faster than the twentieth centuries (Brammer 2014; Estrada et al. 2013 ) and average sea level has risen by 3.2 mm/year (IPCC 2013) all of which could bound millions of people to migrate (IPCC 2014) . A report by UN scientists has projected that rising sea levels will inundate about 17% of Bangladesh by 2050 and which could make about 30 million people homeless (Dummett 2008) .
Morphology of coastal areas in Bangladesh are still not stable which is rapidly changing due to erosion and accretion (Brammer 2014) . The extreme natural events both slow onset (erosion, sea level rise, saline intrusion etc.) and rapid calamities (cyclone, storm surge etc.) has severely disrupted over all development activities and also give a negative impact on livelihood of coastal community (Shibly and Takewaka 2012) . As sea level is rising coastal wetland depleted, coastal flood frequently effected the areas and saline water contaminated the sweet water which have adverse impacts on biological, physical and socio-economic condition coastal zone as biodiversity are reducing, fish stocks are declining and people are at the edge to be root out all on a sudden (Blankespoor et al. 2014) . Tidal bores are devastating in Chittagong, Cox's Bazar, Barisal, Noakhali, Patuakhali, Barguna and Khulna (Joseph 2006) .
During years of severe flooding in 1987, 1988; and 1998 the country was transformed by discontinuous inland seas that occupied as much as 60% of its land surface (Werle et al. 2000) . Islands in the Meghna estuary is extremely dynamics as millions of tons of sediment carried by the river Ganges and Jamuna reach the sea and interact with the massive wave of the sea (Sarwar and Woodroffe 2013) . Domarchar Island is one of the offshore islands under Hatiya of Bangladesh which is subjected to severe erosion and accretion processes because of its spatial location (Sarwar 2013) . Domarchar is a newly formed island and has shown significant morpho-dynamic changes through the years due to severe erosion hazards and strong accretion prospects (Ghosh et al. 2015) . As optical images are more reliable and easy to interpret, satellite remote sensing data with the help of GIS is widely used for different change detection studies and change mapping because of its low cost and reliable information source with high frequency and repeatable observations (Jayson-Quashigah et al. 2013; Mahboob & Atif 2016; Tochamnanvit & Muttitanon 2014) .
In this current study, remote sensing imageries have been used as a source of information. And geospatial techniques have been used to assess the dynamics of a newly formed island and are determined by the shoreline movements, erosion-accretion rate and shifting pattern.
STUDY AREA
Domarchar which is known as the wave island, one of two detached limbs of Hatiya Island, the other one is Nijhum Dwip, known as the silent island (Chowdhury 2014) . This island has stepped into secondary succession, and offer gigantic salt marshes encircled by mudflats and centered by planted mangroves (Chowdhury 2014) . Domarchar is a small island and is extending from 22°1'30" N to 22°5'0" N latitudes and 91°2'30" E to 91°6'30" E longitudes. It is located south-east part of Hatiya Island and in the eastern portion of Nijhum Dwip. Domarchar is an island with having few peoples who live only for fishing and rearing. Recently the forest department has started mangrove afforestation along the coast of Domarchar where plantation is possible (Chowdhury 2014) . Error! Reference source not found. shows the profile of study area. Optical images are simple to interpret and easily obtainable; such images are TM (Thematic Mapper), ETM+ (Enhanced Thematic Mapper) and OLI-TIRS (Operational Land Imager & Thermal Infrared Sensor) imagery (Niya et al. 2013) . In this present study, mainly Landsat 5 TM and Landsat 8 OLI-TIRS sensor images have been used. From 1990 to 2015 in five years' interval images have been analyzed to full fill the objectives. The images have been downloaded from United States Geological Survey (USGS) Global Visualization (Glovis). Error! Reference source not found. shows detail of the data used in the present study.
Preprocessing
Geo-corrected images are prerequisite for any change detection studies using remotely sensed imagery (Emran et al. 2016; Saha et al. 2005) . All the imagery were downloaded from the USGS Glovis (http://glovis.usgs.gov/) website as level 1 preprocessed in GeoTIFF format, which spatial resolution was resampled in 30 meters. The level 1 products were in predefined Geo-corrected in the World Geodetic System (WGS84) datum and have predefined projection in Universal Transverse Mercator system in 46N zone. Layer stack and subset were then made to obtain the specific study area. Cloud free and high tide synchronous imageries have been used. Therefore, no extra radiometric and atmospheric correction was adopted. 
Image Processing
Shoreline is one of the most dynamic features in the world because of the tidal flat and can change its position within a short period of time. As a result, the accurate coastline extraction is then very difficult (Islam et al. 2014a , Islam et al. 2014b . Many different methods have been developed for the extraction of shoreline and can even be extracted only from one single band (Alesheikh et al. 2007; Rundquist et al. 1987) , But there have some automated Water Index method (Mitra and Santra 2013 (Xu 2006) for TM, ETM+ and for OLI sensor (Liu et al. 2016) . The McFeeters's NDWI equation for MSS and TM sensor images (McFeeters 1996) is: = − + Whereas, Green is reflectance of green band for TM is band 2 and NIR is reflectance of near infrared band for TM is band 4 (McFeeters 1996) . The value of NDWI ranges from -1 to +1 and the soil and vegetation features shows zero or negative values in the meantime water features shows a positive values (McFeeters 1996) and thus shoreline can be extracted from the edge of the land and water (Mitra and Santra 2013) . The Xu's MNDWI for TM and ETM+ sensor (Xu 2006 ) is expressed as: = − + Where, Green is reflectance of green band for TM is band 2 and MIR is reflectance of middle infrared band for TM is band 5. The value of MNDWI is ranges from -1 to +1 but water absorbs more MIR light than the NIR so built up land will show negative values which were some positive values in NDWI (Xu 2006 ). Xu's MNDWI equation for OLI sensor is as follows: = − + Where, Green is green band for OLI is band 3 and SWIR is reflectance of the SWIR band for OLI is band 7 (Li et al. 2013; Xu 2006) . The Xu's MNDWI is more effective to differentiate between land and water and thus the sharp edge between these two features can be extracted (Emran et al. 2016) . But there have always some errors as current study area is highly dynamic with having larger tidal flat the shoreline extraction will be much difficult. A little manual error correction have been made after automated extraction which gives us more accurate shoreline (Islam et al. 2014 ).
Image Threshold Value
Image thresholds value requires differentiating between two classes. As the current study is using automated method for shoreline extraction it needs to threshold the values which is generally set to zero for McFeeters's and Xu's NDWI or MNDWI (McFeeters 1996; Xu 2006) . But sometimes individual situation may arise to adjust the threshold for more accurate water bodies delineation (Ji et al. 2009 ). As intertidal zone affect the land water delineation in the current study dynamic threshold method has been employed for differentiating the land and water from the remotely sensed imagery for different years (Du et al. 2012 ).
Shoreline Delineation and Measurement
Shoreline is a line between the land and water. To measure the shifting of shoreline vector format (Line or Polyline) data are needed (Thieler et al. 2008) . In this instance all the classified images were then converted to vector format using ArcGIS 10.0 software. Two different shapefile were then prepared for each year one is polygon and another is polyline. Polygons were used to calculate erosion and accretion rate of the island. And polyline shapefile were used to measure the shoreline shifting. Erosion-accretion is calculated using overlay differencing tools i.e. erase and intersect tools in ArcGIS 10.0. To get accurate shifting of the shoreline digital shoreline analysis system (DSAS) version 4.3 an extension for ArcGIS 10.0 was then used (Thieler et al. 2008) . Using DSAS shoreline position shifting and the rate of shifting can be quantified by the establishment of a baseline and shoreline with the help of transect (Chand and Acharya 2010) . DSAS calculates the rate of change statistics from the multiple historic shoreline residing within ArcGIS environment (Emran et al. 2016 ) with the help of MATLAB for calculation (Thieler et al. 2008) . As all the shoreline of the study area is breaking a reference baseline were created for the shoreline shifting calculation. Baseline parameters were set as onshore as we created the baseline in land and shorelines in offshore direction. Transects were casted from left for measurement from the baseline to intersect all the shoreline at different length and at 100-meters transect spacing interval as transect parameters. Farthest intersection has been used as shoreline intersection parameter because of breaking of the shoreline. Some of the transects were deleted and some are created manually for better calculation because of breaking of the shoreline. The universally used statistical methods which are used to quantify the shoreline shifting in the current study are: the net shoreline movement (NSM) and the end point rate (EPR) (Crowell et al. 1997; Dolan et al. 1980; Genz et al. 2007 ). Where NSM is the total distance between the youngest and the oldest shoreline in every transect in meter unit and EPR is the rate which is calculated by dividing the net movement by the time elapsed in the oldest and the youngest shoreline in every transect in meter per year unit (Thieler et al. 2008) . For the easier of the understanding of movement the island has been divided into four segments namely A, B, C and D.
Accuracy Assessment
Data from remote sensors allow users for analyzing of a region with sufficient accuracy in an efficient, rapid and low-cost way (Berlanga-Robles and Ruiz-Luna 2002). But to assure accurate image classification further quantitative accuracy assessment has been conducted. The accuracy assessment has been conducted only for the recent image using the ground trothing information which were collected through extensive field survey using a hand held global positioning system (GPS) (spatial accuracy +/-5m). Kappa co-efficient which is an error matrix (Foody 2002) as accuracy assessment has been calculated to verify the consistency of the classified images. Overall accuracy is found as 87% and Kappa co-efficient is found as 81% which indicating high accuracy.
RESULTS AND DISCUSSION

Shoreline change
The result shows that the total shoreline length was 24 km in 1990 but it has decreased to about 23 km in 2015. However, the area of the island was about 983 hectares in the year of 1990 which has increased to about 2175 hectares in 2015 ( Table 2) .
The island has lost 1 km length of shoreline but has gained 1192 hectares in area through this time period (Table 3 ). The main cause of decrease in length but increase the area is that the shoreline was breaking in 1990 for this its length was higher. The positions of shorelines of different years are shown in the figure 2. The study area is broken into four different segments which are segment A, B, C and D (Figure 2 ) for better understanding of the shoreline position and trend of shifting. The net shoreline movement (NSM in meter) and end point rate (EPR in m/yr) have been further calculated from the four different segment which is shown in Fig. 3 Table 2 : Shoreline length and area of the study area through 1990 to 2015
The net shoreline movements (NSM) have been computed for four different segments as the distance of shoreline movement by the time elapsed between the oldest and the newest one (Fig. 3) . Where positive value indicates the movement of shoreline in seaward and the negative represents the shoreline movement in landward. For the segment A, it shows a seaward movement but to the northwest ward. About 24 transect were constructed in this segment and all are showing seaward movement i.e. accretion. The higher movement is +1897 meters and the lowest movement is +1066 meters (Fig. 3a) . Segment B shows both erosion and accretion but seaward movement is higher than the seaward movement. About 29 segments are showing positive movement among 33 transects and rests of 4 are negative movement. The seaward movement is ranges from +23 meters to +1433 meters. Whereas negative movement is ranges from -35 meters to -742 meters (Fig. 3b) . The severe erosion is found in segment C. For segment C about 30 transect were constructed of which only 4 segment is showing positive movement and rest 26 are showing negative movement. Positive movement is ranges from +28 meters to +1283 meters. Whereas negative movement is ranges from -5 meters to -2680 meters (Fig. 3c) . However, segment D shows both landward and seaward movement. For segment D about 28 transects were constructed and found 17 as positive movements and 11 as negative movements. The positive movements are ranges from +113 meters to +1027 meters. And negative movements are ranges from -85 meters to -630 meters (Fig. 3d ). The rate of shoreline shifting has been computed in end point rate (EPR). It is computed as dividing the net shoreline movement (NSM) by the time elapsed between the oldest and the newest transect. It is measured as meter-per-year. Where positive value indicates the rate of shoreline shifting in seaward and the negative represents the rate shoreline shifting in landward in every year. For segment A, it is found that the shifting rate is positive and is varies from +41 to +73 meters-per-year (Fig. 4a) . For segment B, it is found both positive and negative shifting rate. Positive shifting rate varies from +2 to +55 meters-per-year. Whereas negative shifting varies from -3 to -35 meters-per-year (Fig. 4b) . But the severe erosion occurred in segment C. Positive shifting rate is found as +1.91 to +64 meters-per-year and negative shifting is found as -.22 to -130 meters-per-year (Fig. 4c) . However, segment D shows both positive and negative shifting where positive shifting rate varies from +4 to +40 meters-per-year and negative shifting varies between -3 to -24 meters-per-year (Fig.  4d) .
Erosion-accretion
Erosion and accretion are common in coastal area since it is dynamic in nature. Domarchar is located in Meghna estuary which is very dynamic as the large volume of sediment from three great river systems Ganges-Brahmaputra-Meghna (GBM) deposited here. Erosion and accretion rate is very high along the coast of Domarchar. From 1990 to 1995, accretion occurred significantly of about 2582 hectares and erosion only about 0.34 hectares, whereas unchanged area remains about 979 hectares. From 1995 to 2000, the accretion rate was much slower while 113 hectares of land raised and about 2344 hectares of land found unchanged, as it is a dynamic place erosion and accretion rate/trend drastically from time to time. In next five years (2000) (2001) (2002) (2003) (2004) (2005) again the accretion rate was very high (app. 1734 hector) and stable/unchanged land was about 1321 hectors whereas erosion was insignificant (app. 8 hectors). Unchanged area became doubled in next five years (2005) (2006) (2007) (2008) (2009) (2010) . Unchanged area became doubled in 2005-2010 period, whereas accretion was 758 hectares and erosion was only about 249 hectares. In last five years (2010) (2011) (2012) (2013) (2014) (2015) the volume of newly deposited land was insignificant and unchanged land was decreased while erosion increased about 1398 hectares. Erosion rate was very high in both second and fifth time period and accretion rate was very high in both first and fifth time periods. Erosion and accretion rate was similar in fourth time period (Table 3 and Figure 5 ).
Shifting pattern
The changing pattern of the island is not uniform. However, the erosion and accretion patterns clearly show a continuous geomorphic sculpturing over the coastal tract in each temporal interval. Net shoreline has just shifted only -1 km from 1990 to 2015, which indicates that the island is eroded as well as accreted over the time. In 1995 the coastline extended to the northern to eastern part whereas in 2000 the shoreline eroded and shifted to the western part. In the year of 2005, shoreline is approaching in all parts of the island. In 2010 and 2015 the coastline shifted only in the western portion of the island. Figure 6 represents the pattern of shifting of the island. 
CONCLUSION
Since the last 25 years the island has gained land area and lost its shoreline length. Between the year of 1990 and 1995 the island has gained highest accretion of about 2581 hectares' area. And highest erosion has been taken part between the years of 1995 to 2000 of about -2343 hectares' area. The area of the island for 1990, 1995, 2000, 2005, 2010 and 2015 are 982, 3565, 1332, 3057, 3566 and 2174 respectively. As erosion and accretion take part in every year but the unchanged land has never decreased which indicates an increasing of land mass to the main land of the country. The seaward movement and rate of the shifting of shoreline is higher in the north western part and landward movement and rate of the shifting of shoreline is higher in the south eastern part of the island. The cause of the dynamic is the location of the island. It is located at the mouth of the Meghna river estuary. Meghna River carries large volume of sediment from three great river systems GangesBrahmaputra-Meghna (GBM) are deposited here. The erosion process is more active in the newly exposed area and in the steep slope area. This is because of the tidal water pressure, loose bank materials and shoreline configuration. The accretion is more active in the area where slope is gentle due to deposition of the sediment carried by the Meghna River.
ACKNOWLEDGEMENT
We are thankful to Mahmudul Hasan Sumon (5 th batch), Department of English, Jagannath University for helping us in grammatical error correction. We are also thankful to Delip K. Das, Assisstant Professor, Department of Zoology, Jagannath University for helping us during ground truthing.
